A total of 1612 expression sequence tags derived from Ciona intestinalis cleavage-stage embryos were examined to explore detailed gene expression profiles. The 3 0 sequences indicate that the 1612 clones can be categorized into 1066 independent clusters. DDBJ database search suggested that 496 of them showed significant matches to reported proteins with distinct functions. Among them 69 are associated with cellcell communications and 41 with transcription factors. In situ hybridization of all 1066 clusters showed that 84 clusters exhibited blastomerespecific pattern of expression, and many of these genes seem to encode for novel proteins. One of the interesting findings is that most of them were expressed in the precursor cells of multiple tissues. Among them 28 genes were expressed in the marginal zone of the 32-cell embryo. The blastomeres in this region are thought to receive an inductive signal from the vegetal blastomeres. Many of the blastomere-specific genes did not show similarity to known proteins. The present analysis therefore provides new information for further analyses on the cell fate specification in the Ciona embryo. q
Introduction
The fertilized egg of the ascidian Ciona intestinalis develops into a tadpole-type of larva that consists of a small number of tissues including epidermis, dorsal central nervous system, endoderm, mesenchyme, notochord and muscle. This configuration of the ascidian tadpole is thought to represent the most simplified and primitive chordate body plan (Satoh and Jeffery, 1995; Di Gregorio and Levine, 1998; Satou and Satoh, 1999; Wada and Satoh, 2001) . Cleavage is bilaterally symmetrical and its pattern is invariant. Every blastomere is named according to the nomenclature of Conklin (1905) . Lineage of these embryonic cells is completely described up to the gastrula stage, which starts around the 118-cell stage (Conklin, 1905; Nishida, 1987) . The presumptive developmental fate of most blastomeres is restricted to give rise to a single cell-type before the onset of gastrulation (Satoh, 1994 (Satoh, , 1999 Nishida, 1997; Jeffery, 2001) . Therefore, the ascidian embryo is an excellent model system to explore cellular and molecular mechanisms underlying the formation of the basic chordate body plan (Conklin, 1905; .
In ascidians, the cleavage stage is a critical period for celltype specification and pattern formation of the embryo. Recent studies have provided convincing evidence for autonomous specification of endoderm, muscle and epidermis, depending on prelocalized cytoplasmic determinants (Nishida, 1997) . For example, it has been shown that during cleavage stage b-catenin protein accumulates in the nuclei of vegetal blastomeres, which is essential and sufficient for the endoderm specification (Imai et al., 2000) . The b-catenin nuclear localization appears to trigger the activation of transcription of genes that encode various transcription factors including Forkhead/HNF-3b, Otx, Lim and Ttf1 (Satou et al., 2001a) . Expression of all these genes begins at the 16-64-cell stages. Cell-autonomous specification and subsequent differentiation of ascidian larval muscle cells also begin during cleavage. Two candidate muscle determinants are a localized maternal mRNA of macho-1 gene that encodes a zinc-finger protein (Nishida and Sawada, 2001 ) and an mRNA encoded by a T-box gene CiVegTR (Erives and Levine, 2000) . Depending on these maternal messages, the expression of muscle-specific genes begins around the 32-cell stage. Cell-cell interactions required for the specification of the notochord, mesenchyme and central nervous system also take place during the 32-110-cell stages. Induction of the notochord occurs at the 32-cell stage (Nakatani and Nishida, 1994) . In response to a signal emitted from the presumptive endoderm blastomeres, a key regulatory gene for ascidian notochord differentiation, Brachyury, is activated at the 64-cell stage Satoh, 1993, 1998; Corbo et al., 1997a; Takahashi et al., 1999) . Candidate molecules that mediate the induction are basic fibroblast growth factor for Halocynthia roretzi embryos (Nakatani et al., 1996) and Notch for C. intestinalis embryos (Corbo et al., 1998) . Induction of the nervous system (Nishida and Satoh, 1989; Okamura et al., 1994) and that of mesenchyme (Kim et al., 2000) also take place during 32-110-cell stages. Therefore, not only molecules associated with determinant-dependent specification, but also molecules required for cell-cell interactions become functional during cleavage. It should be emphasized that the cleavage stage is a connecting point from maternal information to zygotic gene function, and is therefore one of the most dramatic periods in ascidian embryogenesis.
The genome size of C. intestinalis is estimated to be about 160 Mb, and the number of genes is approximately 15,500 (Simmen et al., 1998) . This gene number is comparable to that of Drosophila (Rubin et al., 2000) and one-half of that of human (International Human Genome Sequencing Consortium, 2001) . C. intestinalis is a cosmopolitan species used world-wide by researchers, and it spawns all the year round. During evolution of the deuterostomes, genomic duplication is thought to have occurred twice in the vertebrate lineage (Holland et al., 1994; Sidow, 1996) . Having a common set of genes, the genome of ascidians was, however, not duplicated. We therefore expect that the mechanism underlying the basic chordate body plan can be understood by analyzing ascidian embryogenesis. With this background, we decided to attempt cDNA projects using this species, in collaboration with Ciona genome project consortium members. The present study focuses on the gene expression profiles of cleavage-stage embryos. It is expected that, at this stage, genes for transcription factors and for signaling molecules responsible for the specification of embryonic cells may be expressed. This project will provide us with information pertaining to the overall gene expression profiles in Ciona cleavage-stage embryos.
Results and discussion

Overall distribution of sequences
In the present study, we determined and analyzed sequences of both the 5 0 -most and 3 0 -most ends of a total of 1612 cDNA clones derived from C. intestinalis 32-110-cell stage embryos. The average length of cDNA inserts was 1.7 kb, ranging from 0.5 to 5.0 kb. We determined 400-500 nt sequences of both ends. The sequences of the 3 0 -most ends were compared with one another using the FASTA program (Pearson and Lipman, 1988) to examine the overlap of clones, and this analysis categorized the 1612 clones into 1066 independent clusters (Table 1) . Our consortium is now proceeding with further expression sequence tags (EST) analysis of C. intestinalis 32-110-cell stage embryos. We will re-examine more carefully the sequence data when we eventually obtain nearly all the saturated ESTs. Therefore, the present EST sequence analysis is partial and will be described rather briefly in the present report. Sequences of the 5 0 -most end, as well as the 3 0 -most end, of 1066 clusters were subjected to BLASTX analysis (Table  2 ). BLASTX analysis showed that, of the 1066 clusters, 496 were strong matches (P , 10 215 ) to previously identified proteins with distinct functions. The frequency of matches was therefore 496/1066, or about 0.47. As summarized in Table 1 , these 496 proteins were categorized into three major classes according to the classification by Lee et al. (1999) ; Class A which contains 386 proteins associated with functions that many kinds of cells use, Class B which involves 69 proteins associated with cell-cell communication and Class C which includes 41 proteins that function as transcription factors and other gene regulatory proteins. Furthermore, the 386 proteins of Class A were categorized into nine subclasses (AI-AIX), the 69 proteins of Class B into three subclasses (BI-BIII) and the 41 proteins of Class C into three subclasses (CI-CIII), respectively ( Table 1) . The number of genes belonging to each subclass is also shown in Table 1 . The great majority of proteins were identified only once in our analysis, although a few highly abundant proteins were identified many times (data not shown). The average number of clones/cluster was 3.25 (1612/496; Table 1 ).
Besides the 496 clusters with strong matches, 231 clusters are classified into Class DI in which sequences were matches to ESTs (mostly from Caenorhabditis elegans, Mus musculus and Homo sapiens) or reported proteins, of which functions there are not enough information to classify (for example, posterior end mark (pem) gene of Ciona; Table 2 ). The remaining 339 clusters were categorized into Class DII with no significant sequence similarities to other known proteins (Table 1) . A simple estimation of these data suggests that nearly 53% (570/1066) of genes which are expressed in Ciona 32-110-cell stage embryos should be characterized in future studies.
Sequence analysis of selected cDNA clones
Some examples of sequence analysis to identify cDNAs that encode especially strong candidates for proteins with a defined function are shown in Table 2 . For example, as members of the subclass BI of signaling receptors including cytokine and hormone receptors and signal ligands, cDNAs for antivin (cluster ID, 04063), activin type II receptor (02172) and TGF-b type I receptor (00863) were identified. The subclass BII for intracellular signal transduction pathway molecules including kinases and signal intermediates includes cDNAs for the b-catenin (00321), RING3 (00931) and serine/threonine protein kinase (01545). cDNAs for RAS-binding protein SUR-8 (03697) was also identified. Because b-catenin plays a pivotal role in the endodermal cell specification during the 32-and 64-cell stages (Imai et al., 2000) , its mRNA expression here is reasonable. The subclass BIII for extracellular matrix proteins and cell adhesion molecules includes cDNAs for cadherin (01382).
In addition, as members of the subclass CI of sequencespecific DNA-binding proteins, cDNAs for CCCH zincfinger protein C3H-3 (00350), Drosophila ash2-like protein of human (00681), NF45 (02043) and Krüppel-related zincfinger protein (02902) were identified. The cDNAs for YY1-associated factor 2 (01059) and NOT4 (01108) were identified as members of the subclass CII for non-DNA-binding proteins that perform positive and negative roles. The subclass CIII for chromatin proteins other than AIII with regulatory function includes cDNAs for ssrp (00531).
Further information will appear in the web site (http:// ghost.zool.kyoto-u.ac.jp/index.html).
2.
3. An overview of the spatial expression of Ciona genes at the cleavage stage Whole-mount in situ hybridization was carried out to explore the gene expression profile of all 1066 genes in C.
intestinalis cleavage-stage embryos and gastrulae. As summarized in Table 3 , 481 clusters showed no significant or very weak hybridization signals. This category of no distinct gene expression pattern is presumably due to the presence of small amount of mRNAs in the embryo, because 472 of these clusters (98%) constitute a category of one to three clones/cluster. In the present type of large-scale analysis, the concentration of probes cannot be optimized for the level of expression of each mRNA. Detailed analysis is therefore necessary to conclude that these clusters are for genes in which their expression is not spatially and/or temporally restricted.
On the other hand, 503 clusters showed hybridization signals with no special localization. Fig. 1A shows an example of the uniform expression, represented by 00460 which encodes ribosomal protein S7. Among this group, 17 clusters were expressed in the 32-and 64-cell stage embryos but not in the gastrulae, while 28 clusters showed gradually enhanced expression during cleavage stages.
The remaining 84 clusters (7.9% of the 1066 clusters) showed blastomere-specific expression. In the present study, 45 of the 84 genes were expressed in precursor cells of multiple tissues sometime during cleavage, while 49 genes showed the expression specific for a single type of cell. Note that the sum of 45 and 49 is not 84. This means that, in some clusters, the expression pattern dynamically changed sometime during cleavage (described below and examples are shown in Fig. 2G -I, see also Table 3 ). These observations make them difficult to be categorized into separate groups. Among them, the expression pattern similar to that of pem, which was first reported in Ciona savignyi (Yoshida et al., 1996) , was observed in five clusters (Fig. 1D) . Blastomeres with presumptive epidermis and/or nervous system fates were stained in 43 out of the 84 clusters (Fig. 1E-L) . Among these 43, 26 genes showed the expression specific to the epidermal-lineage, while nine showed the neural-specific expression during gastrulation (Fig. 1E-I ), although many of them showed complex patterns of expression in multiple lineages at different stages. Clusters of 00691, 00707, 01208 and 02928 are included in this group, although they were expressed in precursor cells of multiple tissues including the muscle and nerve cord-lineage cells, as described below.
Thirty-two genes are expressed in blastomeres of both the muscle-and nerve cord-lineages (Figs. 1B, J, L and 2; described in detail in the following section). Most of the genes showed strong expression throughout the cleavage stages, suggesting that their mRNAs are maternally derived. However, we cannot distinguish from the present analysis whether the staining is due to maternal message or zygotic message. Nine clusters showed the expression specific to muscle lineage (Table 3 ; Fig. 1C ). There were some clusters that showed staining in the mesenchyme and notochord lineages (Table 3; Figs. 1L and 2H). However, none of them were specific to these tissues. These results are in good agreement with the determinant-dependent early differentiation of the muscle and induction-dependent late specification of the notochord and mesenchyme. Differentiation of notochord and mesenchyme is induced at the 32-cell stage (Nakatani and Nishida, 1994; Kim et al., 2000) and specific gene expression, such as Brachyury, starts after the 64-cell stage (Yasuo and Satoh, 1993; Corbo et al., 1997a) . The amount of mRNAs specifically expressed in these tissues is presumably not sufficient to appear in the present EST analysis of the cleavage stages.
Description of spatially restricted expression patterns
The following is a description of genes in which expression was restricted to a specific set of blastomeres. Spatial expression patterns for each gene will appear on the web at http://www.ghost.zool.kyoto-u.ac.jp.
Posterior end mark-like
Five clusters showed the pattern of expression similar to that of maternally expressed pem mRNA reported in C. savignyi (Yoshida et al., 1996;  Table 3 ; Fig. 1D ). The expression of all these genes was detected in the posterior end of the most posterior blastomere pairs (B6.3) in the 32-cell embryo (data not shown). This region of B6.3 cytoplasm contains a specialized structure called the centrosome-attracting body (Hibino et al., 1998) . The mRNA is continuously segregated to a pair of the most posterior blastomeres during subsequent cleavages. A strong signal is detected in the two small cells at the posterior edge of the blastopore (Fig. 1D) . The expression of 01544 was also observed in B7.7 at the 110-cell stage (data not shown). Putative protein products of two clusters within this group (01544 and 03991) are similar to that of pem. Cluster id 00865 seemed to encode a protein similar to C. savignyi pem-3 (Satou, 1999) and Caenorhabditis elegans mex-3 gene products. Cluster id 00957 in this group encodes a protein similar to thioredoxin peroxidase. Cluster id 04056 did not show sequence similarity to any known protein.
None of these clusters showed temporal changes in the level of expression during the cleavage stages. Strong signal was observed from the 32-cell stage through the middle gastrula stage.
Ectoderm
Forty-three genes were expressed in the ectodermal lineage (Fig. 1E-L) . Many of these clusters encode polypeptides with no sequence similarity to known proteins. Thirtytwo genes showed expression in the epidermal lineage, while 17 clusters were expressed in the nerve cord-lineage and/or the neural plate cells (Table 3) . These do not include the 'muscle 1 nerve cord' type of expression, except for 00691, 00707, 01208, 02928 and 03984.
Among the 32 genes with epidermal-lineage expression, 26 genes were expressed in all of the epidermal cells. A Table 3 Overall view of specific expression patterns of genes in C. intestinalis cleavage-stage embryos D total 277  250  3  19  9  12  5  3  1  0   Total  481  503  5  32  17  33  13  8  4  3 representative staining pattern of 02215, that encodes a zinc-finger protein, is shown in Fig. 1E . Three were expressed in the posterior epidermis (e.g. 04063, encoding a protein similar to antivin or lefty-2, belonging to the TGFb family; Fig. 1F ), and two were anterior epidermis-specific (e.g. 01129 of which putative protein product shows no sequence similarity to known proteins; Fig. 1G ). A few genes seemed to be expressed asymmetrically in a part of the epidermal sheet, although further analysis is necessary to identify the stained cells (data not shown). Nine of the 17 clusters which showed the nervous system expression were detected exclusively in the precursor cells of the neural tissues at least at some stage during gastrulation. Cluster id 00691 that encodes a protein similar to Drosophila big brain was expressed in the neural plate cells in the middle gastrula (Fig. 1H) . The expression of 00707 is also detected in the neural plate cells at the middle gastrula stage (Fig. 2I) . Cluster id 02964 showed the expression in a subset of the nerve cord cells (Fig. 1I) .
Many of the clusters expressed in the ectoderm are also expressed in other cell types and showed a complex pattern of expression. For example, 00574 for a protein with no known sequence similarity, was expressed in lineages that give rise to a subset of nerve cord, a few posterior-most cells of endoderm and posterior epidermis in the middle gastrula (Fig. 1K) . As described below, 01208 was expressed in the precursor cells of nerve cord, notochord, muscle and mesenchyme during gastrulation (Fig. 1L) . Cluster id 04063 was posterior epidermis-specific at the middle gastrula stage (Fig. 1F) . However, it showed a complex expression pattern. First, its mRNA was detected in B6.4 at the 32-cell stage. In the early gastrula, the expression was observed in a subset of mesenchyme and endoderm precursor cells in addition to the posterior epidermis (data not shown). Cluster id 00707 was expressed in a pattern similar to the 'muscle 1 nerve cord' type at the early gastrula stage, except for minor differences (e.g. it was expressed also in the mesenchyme precursor B7.7; Fig. 2H ).
Muscle and nerve cord
Blastomeres of both muscle and nerve cord-lineages were stained in 33 clusters (Table 3; Figs. 1B, J, L and 2). One gene of this group was snail (02928; Fig. 1J) , which had been shown to be expressed in the blastomeres that give rise to the muscle, mesenchyme and lateral ependymal cells of the nerve cord (Corbo et al., 1997b) . The expression of two of the remaining 32 clusters showed neural-specific pattern of expression in the middle gastrula. One of them (00691) encodes a protein similar to Drosophila neurogenic gene, big brain (Fig. 1H) . At the early gastrula stage, 00691 was expressed not only in the muscle and nerve cord-lineages, but also in the epidermal and mesenchymal precursors (data not shown). The other (00707) encodes a protein with no sequence similarity (Fig. 2G-I ). Cluster id 00707 was expressed in lineages giving rise to muscle, nerve cord and mesenchyme at the early gastrula stage (Fig. 2H) . Cluster id 01208 and 03984 were expressed in precursor cells of muscle, nerve cord, mesenchyme and notochord (the expression pattern of 01208 is shown in Fig. 1L ). They encode a protein similar to procollagen lysyl-5-dioxygenase and a zinc-finger transcription factor, respectively.
As shown in Fig. 2A -C, the other 28 clusters showed a similar pattern of expression, as was represented by that of 00032. Cluster id 00032 encodes a polypeptide with no sequence similarity. Staining was observed in A6.2, A6.4, B6.2, B6.3, B6.4 and b6.5 blastomeres of the 32-cell embryo (e.g. Fig. 2A, D) . At this stage, the presumptive fates of none of these cells are restricted to a single cell type. For example, A6.2 produces notochord and nerve cord. A6.4 produces notochord, muscle and nerve cord. B6.2 gives rise to muscle, mesenchyme and notochord. B6.4 divides into muscle and mesenchyme progenitor cells in the next cleavage. In another ascidian species, Halocynthia roretzi, it has been demonstrated that a cell-cell interaction occurred at the 32-cell stage to induce notochord and mesenchyme fates in these marginal zone cells (Nakatani and Nishida, 1994; Kim and Nishida, 1999) . For example, A6.2 and A6.4 receive signal(s) emitted by vegetally located presumptive endoderm cells (A6.1 and A6.3) (see Fig. 2D ). After receiving the signal, A6.2 and A6.4 produce daughter cells (A7.3 and A7.4, and A7.7 and A7.8, respectively). The presumptive fate of A7.3 and A7.7 is restricted to give rise to the notochord. At this stage, the 00032 expression becomes faint only in the notochord-lineage daughter cells (A7.3 and A7.7), but not in the nerve cord/muscle-lineage daughters (A7.4 and A7.8). Similarly, B6.4 produces a daughter cell (B7.7) that gives rise to the mesenchyme, depending on an inductive signal from the vegetally located presumptive endoderm blastomeres (B6.1) (Kim et al., 2000) . The expression becomes faint in B7.7 but not in its sister cell, B7.8, having a muscle cell fate. The mechanism by which the expression is restricted to either of the daughter cells may involve asymmetric distribution and/or blastomerespecific degradation of pre-existing mRNAs. At the 110-cell stage, strong staining was observed in the A8.7, A8.8, A8.15, A8.16, b8.17, B7.5, B7.8, B8 .7 and B8.8 blastomeres (Fig. 2B, E) . The fate of the first three blastomeres is now restricted to the nerve cord, and that of A8.16, B7.8, B8.7 and B8.8 cells is restricted to the muscle. The staining becomes faint in the progenitors of the notochord (A8.5, A8.6, A8.13, A8.14 and B8.6) and mesenchyme (B8.5 and B7.7) (hatched blastomeres shown in Fig. 2E ). The presumptive fates of b8.17 and B7.5 blastomeres include the muscle and/or nerve cord but they are not restricted to a single cell type at this stage. At the middle gastrula stage, strong staining was observed in muscle and nerve cord-lineage cells (Fig. 2C, F) . This pattern of expression coincides with the distribution of mitochondria in muscle and nerve cord-lineage blastomeres (Zalokar and Sardet, 1984) . In fact, some of the clusters seem to encode proteins involved in glycolysis and aerobic respiration (e.g. glyceraldehyde-3-phosphate dehydrogenase (00881), phosphoglycerate dehydrogenase (02808) and mitochondrial cytochrome c oxidase I (00037)). However, many of the clusters seem to encode non-mitochondrial proteins (e.g. clathrin light chain (01947), DNA methyltransferase (02106), DEAD-boxcontaining RNA helicase (02913) and serine/threonine protein kinase (03687)). Muscle-type myosin light chain (01303) and b-tubulin (00086) which have been shown to be expressed in the nervous system at the tailbud stage (Satou et al., personal communication) were also found in this group. These data suggest some of the specific biological activities of these blastomeres. This may include the repression of intracellular signal transduction downstream to the inductive signal required for the differentiation of the notochord and mesenchyme.
Muscle
Thirteen clusters showed expressions in the muscle-lineage (Table 3) . Among them, eight were muscle-specific (Fig. 1C) . Proteins encoded by these clusters include those involved in the muscle-specific function (e.g. a-actin (00025) and skeletal muscle-type sarcoplasmic reticulum Ca 21 -ATPase (02049)). Although the frequency of 00025 is 1.1% in the tailbud library (Satou et al., 2001b) , that in the cleavage-stage library is 0.04% (1/2132). The frequency of 02049 in the cleavage-stage library is also 0.04% (1/2, 132), while it is 0.1% in tailbud stage. These results suggest that the early autonomous muscle differentiation is just starting at the cleavage-stage. This is in good agreement with the fact that the percentage of the clusters showing spatially restricted patterns of expression is much smaller compared to that obtained in the tailbud library (Satou et al., 2001b) . The expression of 02049 was observed in the 32-cell embryo, while the mRNAs for the other genes were not detected until gastrula stage.
Perspectives
Although the cleavage-stage is a critical period for embryonic cell specification, molecular markers have not been thoroughly described in ascidian embryos. In the present study, we obtained an overall view of gene expression profiles in the cleavage-stage C. intestinalis embryos. One of the most interesting findings was that about a half of the genes of which expression is spatially restricted are expressed in precursor cells of multiple tissue types. Kim et al. (2000) proposed that the same signaling molecule (possibly a basic fibroblast growth factor-like molecule), produced by the vegetal blastomeres, induces the notochord in the anterior half and the mesenchyme in the posterior half of the Halocynthia embryo. This finding suggests that a single signal transduction pathway functions in multiple lineages and is differently modified in different lineages. Some of the genes expressed in the precursor cells of multiple cell types may be involved in such a very early step of cell specification. Functional analysis of these genes contributes to the understanding of the fundamental body plan of the ascidian embryo.
In the present analysis, no gene was identified to be expressed specifically in the endoderm-lineage cells. The endoderm differentiates autonomously depending on maternal determinants (Nishida, 1992; Imai et al., 2000) . In addition, various developmental regulatory genes, such as lim and otx, have been shown to be expressed in this lineage of Halocynthia embryos (Wada et al., 1995 (Wada et al., , 1996 and C. savignyi embryos (Satou et al., 2001a) . The data presented here suggest that the number of clusters examined in this study is still small. We are analyzing more than 14,000 clones and we are continuing to identify novel genes. We eventually hope to obtain a complete description of gene expression profiles in cleavage-stage Ciona embryos.
Conclusions
The present analysis of a set of 1066 independent clusters derived from the C. intestinalis cleavage-stage embryos reveals that 496 of them show significant matches to reported proteins. Sequence similarity analyses of the 496 clusters suggest that 69 of them are associated with cell-cell communication, and 41 with transcriptional regulation. Many of them have not yet been reported in previous studies which involved embryonic development of ascidians. For example, there has been no evidence suggesting possible involvement of TGF-b and/or activin signaling in the cell fate specification in ascidian embryos. However, TGF-b type I receptor (00863), activin type II receptor (02172) and antivin (04063) were identified in the present study. Particularly, 04063 showed a complex blastomere-specific pattern of expression. In addition, 231 of the 1066 genes do not have enough information to be categorized and 339 do not show significant similarities to any known proteins. And some of them showed blastomere-specific expression. What we know about ascidian embryogenesis is just the tip of the iceberg. The present study provides new information to be further analyzed experimentally.
The data obtained in the present study will be accessible on the web at http://ghost.zool.kyoto-u.ac.jp/index.html. Clones are available upon request from the Ciona genome project consortium (e-mail: satoh@ascidian.zool.kyotou.ac.jp or yutaka@ascidian.zool.kyoto-u.ac.jp). We are now registering all the EST data in DDBJ database so that readers may access sequences in the near future.
Experimental procedures
3.1. Biological materials C. intestinalis were cultivated at the Maizuru Fisheries Research Station of Kyoto University, Maizuru, Kyoto, Japan. Adults were maintained under constant light to induce oocyte maturation. Eggs and sperms were obtained surgically from the gonoduct. After insemination, eggs were dechorionated by immersing them in seawater that contains 1.3% sodium thioglycolate (Wako Pure Chem. Inc. Ltd, Osaka, Japan) and 0.065% actinase E (Kaken Pharm. Co. Ltd, Tokyo, Japan). After washing, they were maintained in agar-coated dishes with Millipore-filtered seawater (MFSW) containing 50 mg/ml streptomycin sulfate at room temperature (18-208C). They developed to the 32-110-cell stage embryos after 3-5 h. The cleavage-stage embryos were collected for RNA isolation and wholemount in situ hybridization.
EST analyses
Construction of a cDNA library, EST sequencing, clustering and homology search were carried out according to Satou et al. (2001b) . Total RNA was isolated by the acid guanidinium thiocyanate-phenol-chloroform extraction method (Chomczynski and Sacchi, 1987) . Poly(A) 1 RNA was purified twice using Oligotex beads (Roche Japan, Tokyo). Poly(A)
1 RNA was converted to double-stranded cDNA, which contains EcoRI site at the 5 0 -end and XhoI site at the 3 0 -end, using a cDNA synthesis kit (Stratagene).
The cDNAs were ligated to pBSII-SK(2). The library was arrayed in 384-well plates in a Genetix Q-Pix robot. Clones were picked up from the 384-well plates and cDNA inserts were amplified using polymerase chain reaction (PCR). The sequence of the PCR products was determined by the conventional procedures using the big-dye terminators on ABI3700 autosequencers at the Academia DNA Sequencing Center, National Institute of Genetics, Japan. The primer for 3 0 -sequencing was the anchored oligo dT primers {5 0 -(T) 17 -V-3 0 } and that for 5 0 -sequencing was BS740 (5 0 -CCGCTC-TAGAACTAGTG-3 0 ). Using 3 0 -most sequence tags, clones were grouped into clusters, each of which contained cDNA clones encoding the same gene. DDBJ DNA database and protein database (DAD) were searched with 5 0 -most sequence tags using BLAST algorithm (BLASTN and BLASTX). We categorized clusters into several groups according to their functions that were predicted from BLASTX results (see Section 1).
Whole-mount in situ hybridization
In situ hybridization was carried out essentially according to Satou et al. (2001b) . DNA probes were synthesized basically as described in Tabara et al. (1996) with several modifications. First, cDNA inserts were PCR-amplified with SK and T7 primers, exactly as described by Satou et al. (2001a,b) . DIG-labeled DNA probes were synthesized as follows. Each 5 ml reaction mixture contained 10-50 ng PCR product, 0.75 ml DIG DNA labeling mixture (Roche, Germany), 1.5 mM MgCl 2 , 0.53 mM (dT) 17 dG, 0.53 mM (dT) 17 dC, 2.13 mM (dT) 17 dA, 1 £ buffer and 0.5 U of Taq DNA polymerase (Toyobo). Reactions proceeded through 35 cycles (30 s at 948C, 1 min at 458C, 1 min at 728C). After synthesis, free nucleotides and primers that were not incorporated were removed by ethanol precipitation.
Fixation, treatment with proteinase K and post-fixation with paraformaldehyde of embryos for whole-mount in situ hybridization were performed according to Satou et al. (2001b) . After prehybridization at 428C for 1 h, the specimens were hybridized with DIG-labeled probes at 428C for 16 h. The hybridization buffer contained 50% formamide, 5 £ SSC, 5 £ Denhardt's solution, 100 mg/ml salmon sperm DNA, 0.1% Tween 20 and DIG-labeled DNA probe.
After hybridization, the specimens were washed once for 20 min in the wash solution (50% formamide, 2 £ SSC, 0.1% Tween 20) at 508C, and then once in the wash solution/PBST (1:1) for 20 min at 508C. They were washed four times in PBST for 20 min at 508C. The specimens were treated with 0.5% blocking reagent (Roche) in PBST for 30 min at room temperature. They were then incubated with alkaline phosphatase-conjugated anti-DIG antibody (Roche) diluted (1/2000) in PBST containing 0.5% blocking reagent for more than 8 h at 48C. The specimens were washed four times for 20 min in PBST at room temperature, twice for 5 min in the alkaline phosphatase buffer (100 mM NaCl, 50 mM MgCl 2 , 100 mM Tris-HCl, pH 9.5) at room temperature. For signal detection, the embryos were incubated with NBT/BCIP/alkaline phosphatase buffer following the supplier's instructions (Roche). The reaction was stopped in PBST. The embryos were dehydrated in a graded series of ethanol, then cleared in a 1:2 mixture of benzylalcohol:benzylbenzoate.
